Methods
Growth of 3D helical nanostructures WC He + FIBID helical nanostructures have been fabricated in a ZEISS ORION NanoFab instrument equipped with a Helium ion beam column and a single needle gas injection system (GIS) through which W(CO)6 gas is delivered to the process chamber.
The WC He + FIBID helical nanostructures were deposited on top of the pre-patterned Ti pads (150 nm in thickness) to prevent charge effects on the insulator layer (250 nm thick of SiO2) thermally grown on a silicon wafer 1 . These chips were fabricated by using a routinely recipe of UV optical lithography using a lift-off method.
Typical deposition conditions used for the He + FIBID process were: precursor material= tungsten hexacarbonyl, W(CO)6; Tprecursor= 55 ºC; GISneedle diameter ~ 500 m; GISz ~ 500 m; GISx,y ~ 60 m; Pbase ~ 3 × 10 -7 mbar; Pprocess ~ 4 × 10 -6 mbar; acceleration voltage = 30 kV; ion beam diameter: 1 nm; ion beam current= 1.24 pA; pattern shape: circle, frame; diameter of circular frame: 75 nm, 100 mn and 200 nm and ion beam spacing= 10 nm.
He + FIBID is a technique based on a chemical vapor deposition process assisted by a He + ion beam focused to 1 nm, using in this specific case W(CO)6 as starting material. These molecules in the gas phase are adsorbed on a surface and are dissociated into non-volatile and volatile products (i.e. CO and CO2) by He + FIB under the experimental conditions. The non-volatile ones become attached to the surface, resulting in a deposit, whereas the volatile ones are pumped away. The final deposit is a mixture of carbon, metallic element (i.e. tungsten) and oxygen. As clearly described by using analytical modelling 2 and Monte-Carlo based simulations 3 , the vertical growth of 3D nano-objects is mainly caused by secondary electrons of 1 st order (SE-1) produced from the primary ion beam, the lateral growth is induced by the secondary electrons of 2 nd order (SE-2) formed from scattered ions, whereas the direct contribution of the primary ion beam and the scattered ions are almost negligible. The resolution, the volume per dose and the throughput of 3D nano-objects are very sensitive to the growth conditions: ion beam energy, ion beam current, precursor flux, surface interactions with the beam, precursor molecules, etc. 2,3 . To achieve high resolution and aspect ratio 3D nano-objects, one has to choose the highest voltage (30 kV) and the lowest current (≤ 1 pA). This method is highly recommended for direct-write nanofabrication of real 3D nano-objects with high resolution and aspect ratio 4-9 .
Studies on the nanohelix geometry by modifying the diameter and beam dwell time were performed to find optimal process parameters. As an example, Figure S1 shows an array of twelve nano-helices fabricated by varying beam dwell time from 700 nm to 1800 ms, whereas beam current= 0.96 pA, nominal diameter= 75 nm and number of turns= 8 are fixed. Table 1 Live SEM imaging is used to find nanohelices and the nanomanipulator. By using this tools, we pushed and placed nanowires horizontally flat on the SiO2 layer.
Growth of auxiliary Pt FIBID nanocontacts
Nano-helices were connected to the pre-patterned Ti pads by depositing four Pt FIBID nanocontacts using (CH3)3Pt(CpCH3) as precursor material. The growth of these nanocontacts were Tc is defined as the temperature at which the resistance drops to 0.5RN.
Jc is estimated from the critical current values, Ic (the value at which the resistance is finite) extracted from the resistance versus current measurements. 
Numerical simulations
To simulate the mechanism of jump-like dissipation in the helical WC structures we use the Ginzburg-Landau model coupled with the Poisson equation using link variable approach.
where the vector potential; the electric potential and κ = / the Ginzburg-Landau parameter with London penetration depth and coherence length . Boundary conditions follow from the absence of normal component of the superconducting current at the free edges:
The electric potential is found as a solution of the Poisson equation coupled with Eqs. (1), (2): Tables   S2, S3 . The used geometrical denotations are previously reported in reference 10 .
For simulation the dirty limit is used [1] and the corresponding parameters are calculated for the temperature T = 0.5 K (see Table S3 ) using the following expressions: From an arbitrary initial state (for which a random distribution is taken), the order parameter evolves to one of the three following quasi-stationary patterns: (i) a pure vortex state (the number of vortices is in the range from 0 to N), (ii) a mixed onevortices plus order parameter depression (phase slip) regions and (iii) pure order parameter depression regimes.
The top panels in Figure S6 represent the order parameter distributions resulting from the calculation. They reveal a number of phase slips occurring in some half-turns. We suggest that the whole half-turn, at which the order parameter depression appears, switches to the normal state due to the Joule heating as shown in the bottom panels in Figure S6 . This is likely needed to account for the large change in resistance observed in experiment. 
We have performed extensive simulations for structures of different helical radii (from 50 to 150 nm) and pitches (from 200 to 925 nm) under various applied transport currents (from 0 to 1.2Ic) and found no qualitative difference in order parameter patterns as a function of the applied transport current. To unveil the mechanism of influence of the topology on the order parameter, we have simulated the planar structures with the same dimensions as the corresponding helical ones.
Results of this simulation for the fixed applied transport current (I ~ 0.6Ic) are shown in Figure S7 . For each number of turns, we also provide the order parameter for the corresponding planar structure ( Figure S8 ). It is remarkable that for all planar structures the order-parameter pattern does not depend on the size, unlike that in helical structures. Finally, in Figure S9 we provide an evolution of the order parameter with increasing transport current for the helical structure with two turns and for the corresponding planar structure. The spatial regions occupied by the normal phase of the order parameter in a planar structure approximately linearly grow with the current, while the similar spatial regions in the helical structure remain almost unchanged. This qualitatively demonstrates how the helical geometry changes the resistive properties.
In addition, magnetotransport measurements on 3D nanohelix type 7 at low temperature and varying the applied magnetic field angle respect to the nanohelix long axis were performed at the High Magnetic Field Laboratory (HFML) in Nijmegen. Figure S10 . Experimental magnetic field angle dependence of the resistance at 4 K, bias current of 0.15 A for the nanohelix type 7.
Explanation of the tilt-angle dependence of magnetic field
In order to estimate the critical magnetic induction of a helical coil, we apply a model approach established for a thin superconductor film. When a magnetic field is tilted at the angle with respect to the plane of a thin film, its critical value is determined by Eq. (4.70) in Ref. [10] : (2)
Let the applied magnetic field be tilted at the angle α relative to the helical coil axis and normal to the x-axis:
where , are the unit axes vectors (see Fig. 1 in Ref. 11 ). The tangential unit vector for a centerline of a helical coil 11 is = {− sin cos ( 2 ) , sin sin ( 2 ) , cos },
where is the coordinate along the centerline, Finally, we plot the averaged critical magnetic field 〈 2 〉 ≡ 0 2 ( ) as a function of the tilt angle of the applied magnetic field in Figure S11 
